Five-year-old children explored multidimensional objects either haptically or visually and then were tested for recognition with target and distractor items in either the same or the alternative modality. In Experiments 1 and 2, haptic, visual, and cross-modal recognition were all nearly perfect with familiar objects; haptic and visual recognition were also excellent with unfamiliar objects, but cross-modal recognition was less accurate. In Experiment 3, cross-modal recognition was also less accurate than within-mode recognition with familiar objects that were members of the same basic-level category. The results indicate that children's haptic recognition is remarkably good, that cross-modal recognition is otherwise constrained, and that cross-modal recognition may be accomplished differently for familiar and unfamiliar objects.
Mature human perceivers are able to determine just from feeling an object what it will look like when it is brought into view, and conversely they are able to determine just from looking at an object what it will feel like when it is eventually grasped. This ability is known as cross-modal transfer or cross-modal recognition, and it has been a topic of interest to psychologists from the earliest days of the discipline (cf. Berkeley, 1709 Berkeley, /1948 Locke, 1690 Locke, /1959 . Cross-modal recognition is an important aspect of perception because the intersensory predictions it permits mean that interactions with objects can be adaptive, safe, and economical. Cross-modal recognition is also important because it seems to be a sort of marker for cognitive prowess. Compromised populations, such as prematurely born infants and mentally retarded individuals, show deficits in cross-modal recognition (Jones & Robinson, 1973; Rose, Gottfried, & Bridger, 1978; Zung, 1971) , and assessments of cross-modal recognition in infancy correlate with measures of IQ at later ages (Rose & Wallace, 1985) .
To identify and more fully understand the mechanisms that underlie cross-modal recognition, researchers have turned to investigating this perceptual ability in infants and young children, where its development can be linked to or dissociated from developments in other domains. For exEmily W. Bushnell and Chiara Baxt, Department of Psychology, Tufts University.
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Correspondence concerning this article should be addressed to Emily W. Bushnell, Department of Psychology, Tufts University, Medford, Massachusetts 02155. Electronic mail may be sent to ebushnel@emerald.tufts.edu. ample, observations of cross-modal recognition on the part of preverbal infants (see Bryant, Jones, Claxton, & Perkins, 1972; Bushnell, 1982; Bushnell & Weinberger, 1987; Rose, Gottfried, & Bridger, 1981; Ruff & Kohler, 1978) have effectively laid to rest an early idea that cross-modal recognition was dependent on verbal mediation. Similarly, in studies with young children, a consistent finding has been that cross-modal recognition is significantly poorer than visual recognition with the same stimuli but either equivalent to or better than haptic recognition (cf. Abravanel, 1972; Bryant & Raz, 1975; Jones & Robinson, 1973; Milner & Bryant, 1968; Rose, Blank, & Bridger, 1972; Rudel & Teuber, 1964; Stoltz-Loike & Bomstein, 1987) . This pattern of results has led to the conclusion that children's crossmodal perception is essentially constrained only by their relatively poor haptic abilities. The remaining dispute in this matter concerns whether children's difficulty in haptic perception is with encoding haptic information in the first place or with retaining it over time. Some researchers report deficits in children's haptic and cross-modal performance relative to visual performance only in successive matching tasks, which require memory for the haptically perceived information (Rose et al., 1972) , whereas other researchers report deficits also in simultaneous tasks, which are not dependent on memory (Bryant & Raz, 1975; Jones & Robinson, 1973; Milner & Bryant, 1968) .
The emphasis on inadequacies in children's haptic perception as the reason for deficits in cross-modal recognition is inconsistent, however, with observations that young children are very good at identifying common objects by touch. Bigelow (1981) found that children as young as 2.5 years old were able to correctly label an average of 5.6 out of 7 common objects (a spoon, keys, a ball, etc.) that they felt under a cloth, and 5-year-olds were nearly perfect at the task. Similarly, Morrongiello, Humphrey, Timney, Choi, and Rocca (1994) found that children ranging from 3 to 8 years old were able to correctly label about 75% of the common objects they felt behind a curtain. Such accurate identification of objects by touch alone obviously requires both adequate haptic intake of the concurrent stimulus information and also long-term memory representations of the objects that are vivid enough to be uniquely evoked by the information taken in.
There are several factors that might account for the discrepancy between the excellent haptic abilities demonstrated in these object identification studies and the relatively poor haptic abilities observed in the studies cited earlier of children's cross-modal recognition. First, of course, the stimuli in the identification studies were familiar household objects, whereas the stimuli in the cross-modal studies were abstract forms or contrived, novel objects. Perhaps children require lengthy or repeated exposures to haptic information to form memory representations that are adequate to support later recognition; the relatively brief exposures to the novel stimuli in the cross-modal studies may not have met this criterion. Second, in the identification studies, children explored the stimuli with both hands, whereas in at least four of the cross-modal studies (Abravanel, 1972; Bryant & Raz, 1975; Rose et al., 1972; Rudel & Teuber, 1964) , children were restricted to exploring the stimuli with just one hand. This variation is important because haptic perception may be more precise and efficient when two hands are used rather than one. Lederman and Klatzky (1987) have identified the hand movement patterns that are optimal for extracting various types of information about objects during haptic exploration; in most of these "exploratory procedures," one hand stabilizes and orients the object while the other hand executes a particular information-gathering motion (e.g., poking the object to assess its compliance or tracing the object's contours to extract information about shape). Thus exploration with just one hand may yield ambiguous information because the sensations experienced by the hand cannot be easily correlated with the object's position in space, its resistance, and so forth, which are usually determined by the second hand. Finally, the common objects in the identification studies varied from one another in all the ways natural objects can vary-in size, shape, weight, texture, temperature, compliance, and so forth-whereas the stimuli in the cross-modal studies differed from one another only in one dimension, usually just in shape but in some instances just in texture. This contrast is important because multidimensional objects may be easier to haptically perceive and discriminate than objects differing along just one dimension, especially if that one dimension is shape. Klatzky, Lederman, and Reed (1989) found that objects defined redundantly by values on two or three dimensions were classified by touch more readily than objects defined by their value on just a single dimension, and the results of several other studies by these researchers have indicated that the property of shape is less salient to the hands and less efficiently perceived by the hands than are material properties such as texture, temperature, and compliance (Klatzky, Lederman, & Metzger, 1985; Klatzky, Lederman, & Reed, 1987; .
Thus it seems that young children's cross-modal perceptual abilities have heretofore been investigated only in formats that place the haptic perception side of the equation at a distinct disadvantage. The stimuli have been meaningless, novel objects that differed from one another in just a single dimension, typically one (shape) that haptic perception is relatively poorly adapted to perceive, and furthermore children have usually been asked to explore these stimuli with just one hand. Under these circumstances, it is not surprising that cross-modal recognition is simply limited by haptic perception and that no other constraints on children's cross-modal abilities have been identified. In the research reported below, our goal was to examine children's crossmodal recognition under conditions more favorable to haptic perception. Children explored familiar and unfamiliar multidimensional objects with both hands, and their ability to subsequently recognize these stimuli visually was assessed. Children's ability to recognize the stimuli haptically was also assessed so that we could more fully understand the relationship between cross-modal perception and haptic perception during development.
Experiment 1

Method
Participants. The final sample included 8 boys and 7 girls, 1 each between 5 and 5.5 years old (M = 5 years, 114 days). Two other children were tested but not included in the final sample; 1 was excluded because she chose not to complete all four conditions, and the other was excluded because of irregularities in the procedure. Children were recruited from a participant file developed by mail solicitation of parents in several towns near Tufts University. Respondents to the solicitation were predominantly white, middle or upper-middle class, two-parent families.
Stimuli. The stimuli were real, three-dimensional objects. There were four sets of 16 objects each. Two sets consisted of familiar objects; these included toys, food items, articles of clothing, household artifacts, and so forth-that is, things that the children had presumably held in their hands on many prior occasions, that probably had meaning for them, and for which they probably had conventional verbal labels. The other two sets consisted of unfamiliar objects; these included odd pieces of scrap, segments of larger objects, specialized machine parts or tools, and so forth-that is, things that the children had presumably not handled frequently, that probably had little meaning for them, and for which they probably did not have conventional verbal labels. The items within each set differed from one another in multiple ways, including in size, shape, color, surface texture, compliance and rigidity, weight, the number of distinct parts, and whether there were movable parts. The objects in each of the four sets are listed in Appendix A.
1 Initially, data from 8 girls were collected and analyzed, as called for by the planned experimental design. However, it was subsequently discovered that the birth year for 1 girl had been misrecorded, and she was actually outside of the age range for the experiment. At that point in time, it was no longer possible to run another participant with the identical stimuli and procedure; hence, the data from the girl in question were eliminated and the analyses reported here were conducted on the data for the remaining 15 participants. The patterns of results for the analyses reported here are essentially identical to those for analyses including the data of the girl in question; she was older than all the others and had accurately recognized all the test items on every type of sequence.
Apparatus. The apparatus consisted of a 2 ft long X 1 ft wide X 1 ft deep (60 cm long X 30 cm wide X 30 cm deep) cardboard box, which was set on a table between the participant and the experimenter. There was an opening cut into the front of the box facing the child; this opening was covered with a cloth panel with two slits through which the child could reach. There was also an opening in the back of the box facing the experimenter. This arrangement permitted the experimenter to hand the child objects inside of the box, so that the child could explore the objects haptically without being able to see them. To further ensure that the child did not see the objects, we attached a cloth cape to the top of the box and extended it over the child's shoulders and fastened it behind the neck. A plastic bucket was placed to one side inside of the box, and a rectangular basket was positioned on the experimenter's lap below the table top.
Procedure and design. The general procedure was an adaptation of the study-test paradigm commonly used to study visual recognition memory (cf. Perlmutter & Myers, 1974) . There were two types of study-test sequences, within-mode (haptic-haptic) sequences and across-mode (haptic-visual) sequences. During the study phase in both types of sequences, participants were given a series of 8 objects one at a time to explore haptically inside the box apparatus. These target objects were then intermixed with 8 distractor objects for the test phase. During the test phase in haptic-haptic sequences, the 16 target and distractor objects were given to participants one at a time inside of the box, as during the study phase, and the children were asked to indicate for each item whether it was one they had felt during the study phase or not. During the test phase in haptic-visual sequences, the target and distractor items were held up above the box one at a time for the children to visually inspect, and again they were asked to indicate whether each item was one they had felt during the study phase or not.
Each child participated in four different study-test sequences. These were administered in two blocks of two sequences each, with a short break between blocks. Within each block, one study-test sequence was haptic-haptic and the other was haptic-visual; the order of these sequence types in the first block was counterbalanced across participants, and the order in the second block was the same as in the first. For 7 of the children, the two sequences in the first block involved familiar objects and those in the second block involved unfamiliar objects; for the remaining 8 children, the types of objects were presented in the reverse order. In each block, which set of familiar or unfamiliar objects (see Appendix A) was used in the haptic-haptic sequence and which in the haptic-visual sequence was counterbalanced across participants. Each object within each set served as a target item for 7 or 8 children and as a distractor item for the remaining children.
A parent accompanied each child to the laboratory and completed an informed consent form while the experimenter conversed casually with the child. The experimenter then invited the child to play a game that the child was told was about how children learn and remember things. After the child assented, the experimenter led the child into a room with the table and the box apparatus. Parents sat in a connecting room where they could observe the proceedings through a one-way mirror.
The child was helped onto a stool positioned at the table and shown how to reach through the cloth panel into the box to feel something without seeing it. The experimenter then explained that she was going to give the child some things inside the box and that she wanted the child to feel each object carefully. The child was told, "You don't have to tell me what each thing is; you just need to feel each thing and try to learn it with your hands, so that you will know it later if I give it to you again." The experimenter then handed the child two or three practice objects one at a time inside of the box and encouraged the child to feel each one carefully before putting it in the bucket. The practice objects always included at least one familiar and one unfamiliar object, and the assurance that the child didn't have to name the object was repeated as the unfamiliar one was presented. After the child had haptically explored each practice item, the experimenter took the bucket and audibly (but not visibly) poured its contents into the basket on her lap and dramatically mixed up the objects. The experimenter then explained that she was going to give the child some objects again and that this time the child was to tell her whether each object was an "old" one that the child had felt before and put in the bucket or a "new" one that must have come from the experimenter's basket. The experimenter then proceeded to test the child with a few practice objects; these always included at least one object the child had explored moments before and one that the child had not explored, and the experimenter reinforced or corrected the child's "old" or "new" responses as necessary. If the first study-test sequence to be administered involved a haptic-visual test, the practice test instructions and procedure were adapted accordingly. If the child did not respond correctly to the practice items or seemed unsure about how the game worked, the instructional procedure was repeated with additional practice objects. Once the child seemed to understand the task, the experimenter proceeded to administer the first formal (nonpractice) study-test sequence.
For each study-test sequence, the 8 objects that were to serve as targets during the study phase had been randomly selected beforehand from the designated set of 16 and were listed on a data sheet for the experimenter to follow. During the study phase, these objects were placed one at a time into the child's hands inside of the box, and the child was reminded to learn each object by feeling it carefully and then to put it in the bucket. The study phase was self-paced and generally moved along briskly; children typically manipulated each object actively with both hands for somewhere between 3 and 10s before placing it in the bucket. If a child seemed to be going too quickly or too slowly, the experimenter attempted to reset the pace with appropriate comments and reminders. If a child named an object or guessed at its identity, the experimenter neither confirmed nor disconfirmed the child's label, and if a child expressed uncertainty about what a particular object was, the experimenter encouraged the child to just try to learn the object by feeling it with his or her hands.
The test phase commenced immediately after the study phase was completed. The experimenter took the bucket full of target items and audibly poured them together with the remaining eight objects from the designated set. She announced that she was now going to "give" (haptic-haptic tests) or "show" (haptic-visual tests) "all" of the objects to the child one at a time, and reminded the child to tell her whether each one was an "old" one that had been felt just before or whether it was a "new" one. The eight target and eight distractor items were presented in an ABBAABAB-BAABABBA order during the test phase; the positions of particular items within this constrained old-new order had been randomly established and listed on the data sheet beforehand. The experimenter either placed each test item in the child's hands as during the study phase (haptic-haptic tests) or held it up above the box (haptic-visual tests) and prompted the child's response with a comment such as, "OK, how about this one?" Children were not permitted to touch the test objects held up for visual inspection; however, the experimenter slowly rotated, wiggled, and squeezed the objects to display the full range of their properties. Like the study phase, the test phase was self-paced, and children typically gave their "old" or "new" responses within 2 to 3 s following the presentation of each object. The experimenter did not give the child feedback as to the accuracy of individual responses, but she made generally encouraging remarks throughout, such as, "You're doing a good job." If a child hesitated over an item or expressed uncertainty about whether it was old or new, the experimenter agreed that "some of these are hard" and encouraged the child to feel it (or look at it) carefully and make a guess. The experimenter recorded the child's "old" or "new" responses on the data sheet as the test phase proceeded.
After the completion of the first study-test sequence, the experimenter asked the child to take his or her hands out of the box and shake them "to give them a rest." She then invited the child to play the game again but with some different things and in a slightly different way. The alternative type of study-test sequence (hapticvisual if the first sequence had been haptic-haptic and vice versa) was introduced to the child with several practice objects, and then the second study-test sequence was administered in the same manner as the first, except with the alternative type of test phase. After the completion of the second sequence, the experimenter and child took a short break to visit the parent, go to the bathroom, and so on. When they returned to the experimental room, the second two study-test sequences were administered in the same manner as the first two, except with the alternative type of objects (familiar if the first sequences had been with unfamiliar and vice versa).
Results
Preliminary analyses on the numbers of correct responses on each study-test sequence revealed no consistent or meaningful effects of order or sex, so the data were collapsed across these factors in all further analyses. The mean number of correct responses on each type of study-test sequence is shown in Figure 1 . The first thing to note is that performance was well above chance for every type of sequence. In fact, across all participants and all types of sequences, there were no individual scores at or below the chance value of 8 correct responses; the lowest individual score was 10 correct responses, made by two different children on the haptic-visual sequence with unfamiliar objects.
A repeated measures familiarity (familiar vs. unfamiliar objects) by modality (haptic-haptic vs. haptic-visual se- quences) analysis of variance (ANOVA) on the numbers of correct responses yielded significant main effects of both familiarity and modality. Overall, children made more correct responses with familiar objects (M = 15.0, SD = 0.8) than with unfamiliar objects (M = 13.5, SD = 1.1), F(l, 14) = 18.5, MSB = 2.0, p < .001, and they made more correct responses on the haptic-haptic sequences (M = 14.9, SD = 1.1) than on the haptic-visual sequences (M = 13.6, SD = 0.9), F(l, 14) = 12.1, MSB = 2.l,p< .005. However, these main effects were qualified by a significant familiarity by modality interaction, F(l, 14) = 6.5,MSB =l.6,p< .05.
As Figure 1 suggests, the familiarity effect occurred mostly on the haptic-visual sequences, and the modality effect occurred mostly with the unfamiliar objects. Planned paired comparisons indicated that the number of correct responses on the haptic-visual sequence with unfamiliar objects (M = 12.4, SD =1.6) was lower than on the haptic-visual sequence with familiar objects (M = 14.8, SD = 1.3), twotailed f(14) = 4.2, p < .005, than on the haptic-haptic sequence with unfamiliar objects (M = 14.5, SD = 1.6), two-tailed r(14) = 3.7, p < .005, and than on the haptichaptic sequence with familiar objects (M = 15.3, SD = 1.0), two-tailed t(\4) = 6.3, p < .001. Among the scores on the latter three types of sequences, no one type differed significantly from any other; however, because the scores on each of these sequences were close to the maximum possible, genuine differences among them may have been obscured. Nevertheless, it is clear in any event that although it was better than chance, performance on the haptic-visual sequence with unfamiliar objects was less accurate than performance on each of the other types of sequences. The pattern of results for individual children was generally consistent with that described for the group means. Considering all four types of sequences together, 9 of the 15 participants made fewer correct responses on the hapticvisual sequence with unfamiliar objects than they made on any other sequence, and 2 further participants tied their worst performance on the haptic-visual sequence with unfamiliar objects. Conversely, no participant scored perfectly (i.e., responded correctly to all 16 test items) on the haptic-visual sequence with unfamiliar objects, whereas 6 did so on the haptic-visual sequence with familiar objects, 5 did so on the haptic-haptic sequence with unfamiliar objects, and 8 did so on the haptic-haptic sequence with familiar objects.
Discussion
The results first indicate that young children's haptic abilities with real, multidimensional objects are remarkably good. On the haptic-haptic study-test sequences, children responded accurately to an average of about 15 of the 16 test items, a result that was true with familiar objects and also with unfamiliar objects. The excellent haptic recognition with familiar objects is consistent with the results of earlier studies showing that young children are very good at identifying common objects by touch (Bigelow, 1981; Morrongiello et al., 1994) . The results with unfamiliar objects make it clear that such excellent haptic recognition is not dependent on having conventional verbal labels for the objects in question or on having had lengthy or repeated exposures to them. Although children presumably had no names for the unfamiliar objects, had not handled them extensively before the experiment, and handled a subset of them for just 5 to 10s each during the study phase, they were nevertheless able to easily distinguish these previously felt items from distractor items on the test phase.
The finding that children's haptic recognition is excellent even with unfamiliar objects contrasts with the conclusions of prior researchers that children do not encode haptically perceived information very precisely or do not retain it very well (cf. Abravanel, 1972; Bryant & Raz, 1975; Milner & Bryant, 1968; Rose et al., 1972) . We think that certain aspects of our procedure promoted good rather than poor haptic recognition; unlike in previous studies, in Experiment 1 children explored the objects with both hands and, most importantly, the objects were multidimensional and offered a full range of properties to distinguish them from one another. It seems that when an object is handled, as when one is seen, a vivid memory representation of the sensory experience is formed. However, in accordance with Klatzky and Lederman's arguments (cf. Klatzky et al., 1985 Klatzky et al., , 1987 , a representation based on haptic experience is likely to be couched predominantly in terms of the object's material properties, such as its weight, texture, compliance, and so forth. The spontaneous verbalizations made by some children while haptically exploring the unfamiliar objects support this idea-children made remarks such as, "It's heavy," "It's hairy," or "It's squishy," and they sometimes even identified the material the object was made of, saying, "It's rubber," "It's plastic," or "It's metal." Once formed through exploration, memory representations of haptic experience are presumably available for implicit comparison with subsequent haptic input, thus enabling quick and accurate haptic recognition such as we observed, in the same way that stored visual images are supposed to be involved in the recognition of visual stimuli. 2 In earlier studies that led to the conclusion that children's haptic abilities are poor, memory representations of the haptic stimuli may not have been able to support accurate recognition because the material properties featured in such representations did not distinguish the target and distractor objects; these differed from one another only in shape. In contrast to the conclusions from these studies, we conclude from our results that haptic perception may already be an "expert system" (cf. Klatzky et al., 1985) even early in development, provided the system is permitted to act on the variety of object properties for which it is adapted.
The results for the haptic-visual study-test sequences were notably different from the results for the haptic-haptic sequences. With familiar objects, haptic-visual recognition was very good; in fact, performance did not differ from haptic recognition with the same objects, although this apparent equivalence could be due to a ceiling effect. With unfamiliar objects, however, haptic-visual recognition was clearly poorer than haptic recognition with the same objects. Haptic-visual recognition with unfamiliar objects was also poorer than haptic-visual recognition with familiar objects. This pattern of results has two important implications. First, although it may not be critical for within-mode haptic recognition, familiarity with the stimulus objects seems to enhance haptic-visual recognition. Indeed, several researchers have suggested that cross-modal recognition with familiar objects is accomplished through a different strategy or mental process in comparison to cross-modal recognition with unfamiliar objects (cf. Bushnell, 1986; Bushnell, 1994; Johnson, Paivio, & Clark, 1989) . Second, with unfamiliar objects in particular, the memory representations formed of them from haptic exploration may not be sufficient to support visual recognition. This insufficiency cannot be attributed to the stimulus objects being difficult to distinguish haptically, because haptic recognition with the same unfamiliar objects was very good. Although it seems unlikely, it is possible that haptic-visual recognition with the unfamiliar objects was compromised because these objects are difficult to distinguish visually. To investigate this possibility, we conducted a second experiment in which children's visual recognition abilities with the stimulus objects were assessed. Their cross-modal recognition abilities were also assessed again in the second experiment.
Experiment 2
Method
Participants. The final sample included 8 boys and 8 girls, each between 5 and 5.5 years old (M = 5 years, 66 days). Two other children were tested but not included in the final sample because they did not seem to adequately understand the task, as evidenced by a preponderance of "old" responses (i.e., to seven or more of the eight distractor items) on one or more of the study-test sequences. Children were recruited in the same manner and from the same population as in Experiment 1, but none of them had participated in the first experiment.
Stimuli, apparatus, procedure, and design. The stimuli and apparatus were the same as those in Experiment 1. The procedure and design were also the same as in Experiment 1 in most respects. The only difference was that in Experiment 2, the eight objects presented during each study phase were shown to the child one at a time for visual inspection, rather than given to the child one at a time for haptic exploration as in Experiment 1. The nature of the practice phases and the instructions and reminders throughout the procedure were adapted accordingly.
To show the designated items during each study phase, the experimenter took each one from her basket positioned out of the child's sight and held it up above the box. While making sure the child was watching, the experimenter slowly rotated, wiggled, and squeezed the object for 5 to 10 s to display its properties. When the child indicated that he or she had had a "good look" at the object and would be able to remember it, the experimenter put it in the child's bucket inside the box and then took the next study item from her basket. After all eight study items for a given sequence had been shown, the experimenter audibly poured them from the child's bucket back together with the remaining eight objects the child had not been shown and proceeded immediately with the test phase.
During the test phase, as in Experiment 1, the target and distractor items were presented visually for two of the sequences and haptically for the other two, one sequence with familiar objects and one with unfamiliar objects in each modality. Thus in Experiment 2, the within-mode study-test sequences were visualvisual rather than haptic-haptic, and the across-mode sequences were visual-haptic rather than haptic-visual. As in Experiment 1, each child participated in all four types of study-test sequences, in two blocks of two sequences each with a short break between blocks. Whether the sequences in the first block involved familiar or unfamiliar objects, whether the first sequence in each block was visual-visual or visual-haptic, and which set of familiar or unfamiliar objects (see Appendix A) was used in each sequence within each block were all counterbalanced across participants. Each object within each set served as a target item for 8 children and as a distractor object for the remaining 8 children.
Results
Preliminary analyses on the numbers of correct responses on each study-test sequence revealed no consistent or meaningful effects of order or sex, so the data were collapsed across these factors in all further analyses. The mean number of correct responses on each type of sequence is shown in Figure 2 , from which it is apparent that the overall pattern of results for Experiment 2 is quite similar to that for Experiment 1 (compare Figures 1 and 2 ). Performance again was well above chance for every type of sequence; indeed, performance was slightly better across all sequence types than in Experiment 1. As in Experiment 1, there were no individual scores for any type of sequence that were at or below the chance value of 8 correct responses; the lowest score in Experiment 2 was 11 correct responses, made by one child on the visual-haptic sequence with unfamiliar objects. A repeated measures familiarity (familiar vs. unfamiliar objects) by modality (visual-visual vs. visual-haptic sequences) ANOVA on the numbers of correct responses yielded significant main effects of both familiarity and modality. Overall, children made more correct responses with familiar objects (M = 15.6, SD = 0.3) than with unfamiliar objects (M = 15.1, SD = 0.7), F(l, 15) = 5.4, MSE -0.6, p < .05, and they made more correct responses on the visual-visual sequences (M = 15.9, SD = 0.2) than on the visual-haptic sequences (M = 14.8, SD = 0.9), F(l, 15) = 25.0, MSE = 0.9, p < .001. However, as in Experiment 1, these main effects were qualified by a significant familiarity by modality interaction, F(l, 15) = 5.4, MSE = 0.6, p < .05. As Figure 2 indicates, children made more correct responses with familiar than with unfamiliar objects only on the visual-haptic sequences; performance on the visual-visual sequences was equally and extremely good with both types of objects. Planned paired comparisons indicated that the number of correct responses on the visual-haptic sequence with unfamiliar objects (M = 14.3, SD = 1.5) was lower than on the visual-haptic sequence with familiar objects (M= 15.3, SD = .7), two-tailed f(15) = 2.4, p < .05, than on the visual-visual sequence with unfamiliar objects (M = 15.9, SD = 0.3), two-tailed t(15) = 4.2, p < .005, and than on the visual-visual sequence with familiar objects (M = 15.9, SD = 0.3), two-tailed ?(15) = 4.1, p < .005. The number of correct responses on the visual-haptic sequence with familiar objects was likewise lower than on the visual-visual sequence with familiar objects, two-tailed r(15) = 3.5, p < .005, and than on the visual-visual sequence with unfamiliar objects, two-tailed ?(15) = 3.9, p < .005. The numbers of correct responses on the two visual-visual sequences obviously were not significantly different, although because the scores on both of these sequences were essentially at ceiling, any genuine difference between them could not be revealed. As in Experiment 1, the key unambiguous finding of Experiment 2 is that performance on the across-mode sequence with unfamiliar objects was less accurate than performance on each of the other types of sequences. In Experiment 2, performance on the across-mode sequence with familiar objects was also less accurate than performance on either of the within-mode sequences.
The pattern of results for individual children was generally consistent with that described for the group means. Considering all four types of sequences together, 2 participants scored perfectly throughout, responding correctly to all 16 test items on every one of the four test sequences. Of the remaining 14 participants, 7 made fewer correct responses on the visual-haptic sequence with unfamiliar objects than they made on any other sequence, and 4 others tied their worst performance on the visual-haptic sequence with unfamiliar objects. Conversely, 13 of the 14 participants who didn't score perfectly altogether scored perfectly on each type of visual-visual sequence, and 4 of them scored perfectly on the visual-haptic sequence with familiar objects, whereas just 2 scored perfectly on the visual-haptic sequence with unfamiliar objects.
Discussion
The results for Experiment 2 parallel those for Experiment 1 in several important respects. Within-mode recognition, in this case visual recognition, was highly accurate with familiar and also with unfamiliar objects. Indeed, visual recognition with both types of objects was effectively perfect, so that any potential effect of familiarity on visual recognition may have been obscured in this experimental task. Visual-haptic recognition, however, was not as accurate as visual recognition with either type of object. Visualhaptic recognition was also less accurate with unfamiliar objects than with familiar ones; although smaller in magnitude, this difference is analogous to the familiarity effect observed for haptic-visual recognition in Experiment 1.
The near-perfect visual recognition evidenced by children in Experiment 2 is consistent with the results of prior studies indicating that 4-to 5-year-old children have excellent, virtually adult-level visual recognition memory for pictures of common objects (cf. Brown & Campione, 1972; Brown & Scott, 1971 ) and for common objects themselves (cf. Perlmutter & Myers, 1974) . Excellent visual recognition has also been observed in the visual-visual control conditions of most earlier studies on young children's cross-modal abilities (cf. Abravanel, 1972; Bryant & Raz, 1975; Jones & Robinson, 1973; Milner & Bryant, 1968; Rose et al., 1972) ; in all of these studies, abstract forms or novel objects were used as stimuli. Such accurate visual recognition for even unfamiliar material is presumably mediated by an ability to form and retain vivid images or representations of visual stimuli from just brief exposures to them.
The results of the visual-visual sequence with unfamiliar objects make it clear that these objects are not difficult for children to visually discriminate and remember. These results effectively rule out the possibility raised earlier that the relatively poor cross-modal recognition with unfamiliar objects in Experiment 1 might be due to an inability to visually distinguish these stimuli. However, the distinct visual representations children were obviously able to form from looking at the stimuli were evidently not sufficient to support haptic recognition; in Experiment 2, children's visual-haptic recognition with unfamiliar objects was poorer than visual recognition with the same objects. Children's haptic-visual recognition with the same unfamiliar objects was likewise poorer than haptic recognition in Experiment 1, and the within-mode results there also show that these objects are not difficult for children to haptically discriminate and remember. Thus from the results of both studies considered together, it seems that neither inferior visual perception and retention nor inferior haptic perception and retention can account for the deficiency observed in both studies in cross-modal recognition with unfamiliar objects.
Our finding that cross-modal recognition with unfamiliar objects is less accurate than both visual recognition and haptic recognition with the same objects contrasts with earlier findings that cross-modal recognition is either more accurate or as accurate as haptic recognition (cf. Abravanel, 1972; Bryant & Raz, 1975; Jones & Robinson, 1973; Milner & Bryant, 1968; Rose et al., 1972; Rudel & Teuber, 1964; Stoltz-Loike & Bornstein, 1987) . However, we have argued that haptic recognition was unusually depressed in these earlier studies because the stimuli varied from one another only in shape. Our results with stimuli varying on multiple dimensions suggest that children's haptic recognition is actually very good, and that cross-modal recognition is therefore not constrained by haptic abilities, nor by visual abilities either. Instead, cross-modal recognition with unfamiliar objects evidently operates under some processing burden peculiar to itself.
We suggest that the processing burden implicated for cross-modal recognition has to do with the differential saliencies of various properties to the two modalities in question. Recall that representations formed from haptic experience contain information especially about an object's material properties such as its weight, temperature, compliance, and texture (Klatzky et al., 1985 . In contrast, representations formed from visual experience primarily contain information about an object's structural properties such as its size, shape, symmetry, and so forth, and also about its color and surface patterns. Given these different profiles, implicit comparisons between a representation of one sort and an instance of the other might often be ambiguous or incomplete. The representations could make contact with respect to certain properties encoded in both cases, such as the object's global dimensions or its texture perhaps, but there would also be a number of loose ends or properties encoded in one representation with little or no corresponding information in die other. In other words, the burden for cross-modal recognition can be characterized as a sort of conflict of interest or sampling problem (see Goodnow, 1971) .
The sort of incomplete comparisons described above could lead to recognition errors such as those observed on the cross-modal sequences with unfamiliar objects in Experiments 1 and 2. For example, when feeling the turkey baster top (see Appendix A), a child might especially note its ridged texture and its compliance. The ridged quality would be salient visually with the baster top, too, but it is also a salient visual feature of the threaded wooden cylinder and the machine gear. Thus when seeing one of these latter objects presented as a distractor, the child might mistakenly match it with the memory of the baster top and indicate that it had been felt before. Such confusions or false recognitions would not occur when feeling the cylinder or gear, though, because other haptic qualities such as their hardness or coolness would distinguish them from the flexible rubber baster top; these qualities are not salient for vision, however, and hence would not distinguish the objects in the acrossmode condition.
The limitations posed by the differential saliencies of various properties for touch and vision are apparently less of an issue with familiar objects, however. Children's crossmodal recognition with familiar objects was more accurate than with unfamiliar objects in both Experiments 1 and 2. A similar advantage of familiar over unfamiliar objects was not observed for either within-mode haptic or within-mode visual recognition, although these comparisons may have been compromised by ceiling effects. We think that at least in the across-mode sequences, recognition with familiar objects may have been achieved through a different process than with unfamiliar objects, so that the matter of representations without corresponding information was effectively circumvented. Although they were not asked to do so, children often identified the stimuli by name in the study phases with familiar objects, suggesting that their subsequent recognition could have been mediated by verbal labeling or conceptual categorizing. That is, during haptic or visual exploration, a child might identify a familiar study item (whether overtly or covertly) as an instance of a particular basic-level category-identifying it as an "apple" or as a "shoe," for example (see Appendix A; also cf. Bigelow, 1981; Morrongiello et al., 1994 )-thus activating some sort of generalized representation or prototype in long-term semantic memory. This more conceptual memory representation might then be retained in addition to or in place of the particular perceptual experience that evoked it, and it would permit the child to later recognize the target item equally well in either the same or the alternative modality.
To investigate the possibility that a distinct, conceptually based process might be involved in children's cross-modal recognition with familiar as compared with unfamiliar objects, we conducted a third experiment. In this experiment, children's recognition abilities were assessed with familiar objects specifically selected to eliminate the presumed advantage of conceptually identifying the objects. Children's recognition abilities were also assessed with analogous unfamiliar objects. It was predicted that without being able to rely on conceptual representations to distinguish the familiar objects, children's cross-modal recognition with them would be subject to the same perceptual conflict-of-interest problem as with unfamiliar objects, and thus no advantage of familiarity would be observed.
Experiment 3
Method
Participants. The final sample included 7 boys and 9 girls, each between 5 and 5.5 years old (M = 5 years, 62 days). Nine other children were tested but not included in the final sample. One child was excluded because he chose not to complete all four conditions, and another was excluded because of a procedural irregularity. Seven children were excluded because they did not seem to adequately understand the task, as evidenced by an unusually high number of errors on the out-of-category items (« = 2; see below) or by a preponderance of "old" or "new" responses (i.e., to seven or more of the eight distractor or target items, respectively) on one or more of the study-test sequences (n = 5). Children were recruited in the same manner and from the same population as in Experiments 1 and 2, but none of them had participated in either of those studies.
Apparatus and stimuli. The apparatus was the same as in Experiments 1 and 2. The stimuli were four new sets of 16 objects each; these are listed in Appendix B. As in the prior experiments, two of the sets consisted of familiar objects and two consisted of unfamiliar objects. However, in Experiment 3, each set of familiar objects included seven different items that were all members of a single basic-level category, seven different items that were all members of a second basic-level category, and two items that were not members of either category. Thus one set of familiar objects included an assortment of balls and an assortment of shoes; the other included an assortment of spoons and an assortment of toy cars. The items within each category were perceptually distinctthey differed from one another in size, weight, surface texture, compliance, color, presence or absence of certain components, and so on, but they were nevertheless all members of the same basic-level category. The purpose of this manipulation was that if the items were identified, they would all activate the same verbal label or conceptual representation. Thus the familiar objects would not be distinct from one another at the conceptual level, and therefore the presumed advantage of familiar objects over unfamiliar ones would be eliminated. The two out-of-category items in each familiar set were included as a means of assessing whether the children understood the task. On the basis of the results of Experiment 1, we expected children to be highly accurate at recognizing the out-of-category familiar items, if not the potentially more confusable ones that were members of the same categories.
For the unfamiliar objects in Experiment 3, an attempt was made to organize them into groups roughly analogous to the categories used for the.familiar objects. The groupings for the unfamiliar objects were obviously contrived and had no conventional labels; they were generated to match the degree of perceptual variation that existed within the familiar sets. Thus one set of unfamiliar objects included an assortment of seven disk-shaped objects and an assortment of seven objects that each had an opening or cavity of some sort. These were meant to be analogous to the balls and the shoes, respectively. The other set of unfamiliar objects included an assortment of seven rods or cylinders, some of which had distinctive ends, and an assortment of seven objects that each had a part or parts that rotated or swiveled. These were meant to be analogous to the spoons and the toy cars, respectively. Except for sharing the one feature that defined them as members of a group, the unfamiliar objects within each group differed from one another in size, weight, texture, compliance, color, and so forth, as did the familiar items. Each set of unfamiliar objects also included two out-of-category items that did not possess the critical feature defining either of the set's two groups.
Procedure and design. The procedure and design for Experiment 3 were the same as for Experiment 1 in most respects. Each child participated in two haptic-haptic study-test sequences and in two haptic-visual study-test sequences, one of each type with familiar and one with unfamiliar objects. As before, the four study-test sequences were administered in two blocks with a short break between blocks. Whether the sequences in the first block involved familiar or unfamiliar objects, whether the first sequence in each block was haptic-haptic or haptic-visual, and which set of familiar or unfamiliar objects (see Appendix B) was used in which sequence within each block were all counterbalanced across participants. Each object served as a target item for 8 children and as a distractor object for the remaining 8 children.
One important difference in the procedure involved the practice phase, which was modified to take into account the categories used in Experiment 3. After the procedure had been introduced with two or three very distinct practice items, as in the prior experiments, the experimenter then brought out a set of five drinking cups and put them on top of the box. The cups differed dramatically from one another perceptually-one was a white paper cup, another was a short, orange cup made of flexible plastic, a third was tall and made of "bumpy" or textured glass, and so forth. The experimenter said to the child, "Now here's something to be careful about. See these things here? They are all kind of the same thing; they are all cups, that you could drink juice or milk out of, right? But look how different they are. And they feel really different in your hands, too." The child was then encouraged to look at and to pick up the various cups, and the experimenter instructed the child, "In our game, for something to be called an 'old' thing, it has to be the very same one that I gave you and you put in your bucket; if it is the same kind of thing, but not the exact same one I gave you before, then you should tell me it is a 'new' one." The experimenter then went through another practice study-test sequence with the child, using three or four of the cups, to ensure that the child understood this point.
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Two other differences in procedure also involved the categories used in Experiment 3. First, for each sequence, the 8 target objects for the study phase were randomly selected from the designated set of 16 objects as in Experiments 1 and 2 but with the added constraint that there were always either 3 or 4 (depending on whether the out-of-category items were selected as targets) members of each of the set's two categories included among the target items. Second, during the test phase, the target and distractor items were presented in an ABBAABABBAABABBA order as in the prior experiments but with the added constraint that no more than 3 items from any one category (balls, shoes, etc.) were presented consecutively. Finally, the experimental sessions in Experiment 3 were all videotaped, with a camera positioned on the experimenter's side of the table and aimed into the box. The children's spontaneous verbalizations as they performed the task and their "old" or "new" responses were later scored from the video records.
Results
Preliminary analyses on the numbers of correct responses on each study-test sequence revealed no consistent or meaningful effects of order or sex, so the data were collapsed across these factors in all further analyses. The mean number of correct responses on each type of study-test sequence is shown in Figure 3 . As in Experiments 1 and 2, performance was well above chance for every type of sequence, although performance on the familiar sequences in particular was clearly lower than in the earlier studies. There were no individual scores for any type of sequence that were below the chance value of 8 correct responses; the lowest individual score was exactly the chance value of 8 correct responses, made by one child on the haptic-visual sequence with familiar objects. A repeated measures familiarity (familiar vs. unfamiliar objects) by modality (haptic-haptic vs. haptic-visual sequences) ANOVA on the numbers of correct responses yielded significant main effects of both familiarity and modality in Experiment 3. As in Experiment 1, children made more correct responses on the haptic-haptic sequences (M = 13.8, SD = 1.0) than on the haptic-visual sequences (M = 11.9, SD = 1.6), F(l, 15) = 15.1, MSB = 3.7, p < .005. They also made more correct responses with unfamiliar objects (M = 13.4, SD = 1.1) than with familiar objects (M = 12.2, SD = 1.2), F(l, 15) = 13.8, MSB = 1.6, p < .005; note that this effect is the converse of the familiarity effects observed in Experiments 1 and 2. Also in contrast to the earlier studies, there was no familiarity by modality interaction in Experiment 3; children made more correct responses with unfamiliar than with familiar objects on both types of sequences, and they made more correct responses on the haptic-haptic than on the haptic-visual sequence with both kinds of objects. Planned paired comparisons indicated that on the haptic-haptic sequences, the number of correct responses with unfamiliar objects (M = 14.4, SD = 1.3) was higher than with familiar objects (M = 13.1, SD = 1.5), two-tailed t(\5) = 2.4, p < .05. Likewise on the hapticvisual sequences, the number of correct responses with unfamiliar objects (M = 12.4, SD = 1.8) was higher than with familiar objects (M=11.3, SD = 2.0), two-tailed ?(15) = 2.3, p < .05. Similar paired comparisons also indicated that with familiar objects, the number of correct responses on the haptic-haptic sequence was higher than on the haptic-visual sequence, two-tailed f(15) = 2.8, p < .05, and the same was true with unfamiliar objects, two-tailed The pattern of results for individual children was generally consistent with that described for the group means. Considering all four types of sequences together, 8 of the 16 participants made more correct responses on the haptichaptic sequence with unfamiliar objects than they made on any other sequence, and 3 others tied their best performance on the haptic-haptic sequence with unfamiliar objects. Conversely, 7 participants made fewer correct responses on the haptic-visual sequence with familiar objects than on any other sequence, and 4 others tied their worst performance on the haptic-visual sequence with familiar objects.
Finally, the spontaneous verbalizations children made as they explored objects during the study phase were examined. These verbalizations were transcribed from the video records, and each child's comments for each study item were first categorized as either containing identifying information (e.g., "a shoe" or "this one's heavy") or not containing any such information (e.g., the child said nothing or said something vacuous such as, "I think I know this one now"). The children, of course, had been told that they did not need to identify or say anything at all about the objects, and accordingly, 6 of them almost never did so; each of these silent participants provided identifying information for a study item on fewer than 10% of the 32 opportunities across the four sequences. The remaining 10 participants were more verbose, providing identifying information for at least 25% of the study items and in most cases doing so for virtually every one. The comments of these 10 participants who seemed to think out loud were taken as a reflection of how children might tend to encode the stimulus objects, and their verbalizations were further analyzed. Comments containing identifying information were further categorized as including only a basic-level label (e.g., "it's a shoe" or "it feels like a stick") or as including additional qualification either perceptually (e.g., "a squishy ball" or "a long piece of glass") or with labeling at the subcategory level (e.g., "a tennis ball" or "a drum stick"). The verbose participants qualified an average of 3.4 study items out of the 8 presented in each sequence for both familiar and unfamiliar objects; however, they provided more perceptual qualifications with unfamiliar objects (M = 2.9, SD = 1.8) than with familiar objects (M = 2.1, S£> = 1.3), one-tailed r(9) = 1.9,/> < .05, and they provided more labeling at the subcategory level with familiar objects (M = 1.3, SD = 0.8) than with unfamiliar objects (M = 0.4, SD = 0.7), one-tailed t(9) = 2.5, p < .05. Furthermore, they identified more study items with only a basic-level label on sequences with familiar objects (M = 3.6, SD = 2.0) than on sequences with unfamiliar objects (M = 2.3, SD = 1.8), two-tailed t(9) = 2.9, p < .05.
Discussion
The results for Experiment 3 with unfamiliar objects are nearly identical to those for Experiment 1 (compare Figures  1 and 3) . First, performance on the haptic-haptic sequence with unfamiliar objects was excellent. This result reinforces the conclusion from Experiment 1 that children's haptic abilities with multidimensional objects are very good. The haptic expertise demonstrated in Experiment 3 is perhaps all the more impressive because the objects were somewhat more perceptually similar than in Experiment 1 because they were grouped on the basis of a shared feature. Second, performance on the haptic-visual sequence with unfamiliar objects was significantly less accurate than on the haptichaptic sequence. This result reinforces the earlier conclusion that cross-modal recognition is not merely constrained by imprecise haptic abilities. We have argued that this drop-off in performance across modes may be due to a conflict of interest between vision and touch, in which the properties of an object that are salient and therefore encoded during haptic exploration are not necessarily the same as the properties that are salient during visual exploration.
In contrast to the very similar results with unfamiliar objects, the results for Experiment 3 with familiar objects are strikingly different from those for Experiment 1 (again compare Figures 1 and 3) . Whereas in Experiment 1 both haptic and cross-modal recognition with familiar objects were almost at ceiling, in Experiment 3 neither was near ceiling and cross-modal recognition was clearly worse than haptic recognition. Furthermore, whereas in Experiment 1 cross-modal recognition was better with familiar than with unfamiliar objects, in Experiment 3 cross-modal recognition was worse with familiar than with unfamiliar objects. Haptic recognition was also worse with familiar than with unfamiliar objects in Experiment 3, whereas in Experiment 1 haptic recognition was near ceiling with both types of objects.
It is possible that performance was relatively poor with the familiar objects in Experiment 3 because of the physical nature of the stimuli. Because the items in each set were members of just two basic-level categories, they were undoubtedly more similar to one another than were the familiar objects in Experiment 1, and they may also have been more similar to one another than were the unfamiliar objects in Experiment 3. Thus children may have been unable to perceptually discriminate the familiar objects in Experiment 3 and hence made more recognition errors with them than with the objects in the unfamiliar condition or the objects in Experiment 1. This possibility seems unlikely, however. Although the familiar objects within each set in Experiment 3 did share category membership, they were nevertheless grossly different in size, weight, texture, compliance, and so forth (see Appendix B). Furthermore, the unfamiliar objects in Experiment 3 were also relatively more similar to one another than in Experiment 1, and yet performance with them was not compromised.
We think it is more likely that conceptual confusions rather than perceptual ones ensued with the familiar objects in Experiment 3. When children revealed the nature of their encoding by verbalizing during the study phase, they identified nearly half of the familiar objects with just a basic-level label, with no further qualification (e.g., "a ball"). Such encoding would not reliably distinguish target items from distractors during the test phase because the distractors included other members of the same categories (i.e., other balls), and the resultant false recognitions caused by overlapping conceptual identifications could account for the relatively poor performance with familiar objects in Experiment 3. There was less potential for this same kind of error with the unfamiliar objects because children less frequently identified them with just a basic-level label and no further qualification; this may be why performance with unfamiliar objects was superior to that with familiar objects. In addition, it is possible that precisely because the unfamiliar objects could not be readily identified as instances of conventional categories, children explored them more thoroughly in the study phase than they explored familiar objects and thus had more elaborate perceptual representations of them in memory to support later recognition.
The verbalizations during the study phase also showed that children sometimes did go beyond identifying familiar objects at just the basic level, to identify them either at the subcategory level (e.g., as a "tennis ball") or with reference to their perceptual properties (e.g., a "squishy ball"). Each of these types of encoding could distinguish target items from distractors even if they were members of the same basic-level categories. The fact that children at least sometimes used these more precise encodings may be why their recognition with familiar objects was at least partially successful (i.e., above chance), whereas the fact that they did not use them more often may be why it was not as successful as with unfamiliar objects. However, identifying the familiar objects with reference to their perceptual properties would be subject to the same conflict-of-interest problem across modes that has been discussed for the case of unfamiliar objects. Thus the fact that children sometimes relied on perceptual characteristics to distinguish items from the same conceptual category might account for why cross-modal recognition was less accurate than within-mode recognition with familiar as well as with unfamiliar objects in Experiment 3.
General Discussion
The research reported here supports several new conclusions about children's haptic and cross-modal abilities. First, as has already been emphasized, young children's haptic abilities with multidimensional objects are excellent. In Experiments 1 and 3, from brief exposures handling even unfamiliar objects, 5-year-olds were able to form perceptual representations that were sufficiently vivid, distinct, and long-lasting to permit highly accurate subsequent recognition of the objects and discrimination of them from distractors. Thus, previous conclusions that children cannot adequately encode or retain information acquired through touch must be qualified and understood to pertain only to performance with somewhat unnatural objects that vary exclusively in shape or three-dimensional structure. Children's superior performance here with objects varying multidimensionally furthermore establishes that perceptual representations formed from handling objects are not simply derived visual images but instead are rich complexes that contain information uniquely salient to haptics, such as information regarding an object's texture, compliance, weight, and temperature.
The nature of representations formed through touch also relates to a second conclusion that is clear from our findings, namely that children's cross-modal abilities are not simply constrained by haptic abilities that are poor relative to visual abilities, as has sometimes been suggested. In Experiments 1 and 2, both haptic and visual recognition were more accurate than cross-modal recognition with the same unfamiliar objects; in Experiment 3, haptic recognition was more accurate than cross-modal recognition with familiar as well as with unfamiliar objects. Obviously, poor haptic abilities cannot be held responsible (neither can poor visual abilities) for the even poorer cross-modal performance in these instances. Instead, the deficit in cross-modal processing may occur precisely because the representations formed from handling objects highlight different properties from those that are salient to vision. As illustrated in the discussion regarding Experiment 2, if one representation encodes a property about which there is little or no information available in another, then there is the potential for error or false recognition to occur. The failure is not to be attributed to one modality or the other, but rather to how they fail to interact.
A third conclusion from the work reported here is that cross-modal recognition may be accomplished in a different way with familiar as compared with unfamiliar objects. This interpretation is suggested by the fact that performance on the cross-modal sequences with familiar objects differed from that with unfamiliar objects in all three studies and by the fact that the manipulation involving categories in Experiment 3 seemed to impair cross-modal recognition with familiar but not with unfamiliar objects. We have surmised that cross-modal recognition with unfamiliar objects involves an implicit comparison of haptic and visual perceptual representations; this process is subject to the conflict-of-interest problem outlined earlier. In contrast, cross-modal recognition with familiar objects seems to frequently involve the activation of a prototype or concept in long-term memory; this generalized representation, rather than the specific perceptual experience that evoked it, may then serve as the basis for later recognition. These proposed processes are consistent with the distinct patterns of results across Experiments 1 and 3, and they are also supported by the analysis of children's spontaneous verbalizations in Experiment 3; as they explored familiar objects, children were most likely to identify them with a basic-level category label, whereas with unfamiliar objects, they were most likely to comment on their perceptual characteristics.
Other researchers have also suggested the existence of different processes for cross-modal recognition with familiar and unfamiliar objects. Streicher and Ettlinger (1987) found that cross-modal recognition with unfamiliar objects was impaired after ablations of polysensory neocortex in the monkey, whereas cross-modal recognition with familiar objects was not affected. They concluded that the ablated areas may be essential for "forming" new representations as is required with unfamiliar objects but not for "refreshing" (accessing) previously formed representations that might be used with familiar ones. Johnson et al. (1989) found that measures of visuospatial ability predicted cross-modal performance best for children instructed to "picture" (image) stimulus shapes while they felt them, whereas measures of verbal ability predicted performance best for children instructed to "give the shapes a name." They interpreted these results as support for a "dual coding" approach to crossmodal recognition, suggesting that recognition can be based either on a visual imagery strategy usually elicited by amorphous unfamiliar shapes or on a verbal naming strategy usually elicited by familiar ones. These dual strategies are similar to the two processes described here; however, we construe each of the processes somewhat more broadly. We maintain that the perceptually based process involves representations that are truly haptic and not just derived from visual imagery; such haptic representations are called for by our observation that haptic recognition is superior to crossmodal recognition. We also maintain that the conceptually based process involves a generalized representation from memory that may or may not include a specific verbal label; this caveat is important because the conceptually based process may very well function in preverbal infants (cf. Bushnell, 1986) and in infrahuman species (cf. Streicher & Ettlinger, 1987) as well as in individuals with language. The two processes as we conceive them are outlined and compared in detail in a recent theoretically motivated paper (Bushnell, 1994) .
Regardless of the exact forms of the two processes for cross-modal recognition, a key point is that they are distinct alternatives that are nevertheless both available to the perceiving individual. Such dual processes have been identified for other perceptual and cognitive abilities as well (cf. Bamber, 1969; Cooper, 1976 Cooper, , 1980 Logan, 1988; Smith, 1981) . In these cases, and likewise in the case of the two processes for cross-modal recognition, the two alternatives have distinct advantages and disadvantages with respect to one another. They may be affected by different variables and susceptible to different kinds of error, as we have observed here with respect to cross-modal recognition with familiar and unfamiliar objects. Finally, where alternative strategies are available for an ability, the two processes may follow different courses of development; in addition, development may involve an element of learning when (in what contexts) to rely on which process (cf. Siegler, 1996) . It might be useful to consider these complexities in future research on children's cross-modal abilities.
